Introduction
============

Hepatocellular carcinoma (HCC) can be divided into two major categories: primary and secondary liver cancer. Especially, primary HCC is a highly harmful malignant tumor worldwide ([@b1-ol-0-0-10144]). The etiology and exact molecular mechanism of primary HCC is not fully understood. It is reported that its pathogenesis is a complex multistep process, which is controlled by environmental and genetic factors ([@b2-ol-0-0-10144]). However, the 5-year survival rate of HCC remains low at 10% because of poor diagnosis and prognosis ([@b3-ol-0-0-10144]). A beneficial treatment for patients suffering from HCC has not been achieved although hepatic resection and liver transplantation therapies have improved in recent years ([@b4-ol-0-0-10144]). Therefore, it is still necessary to investigate regulatory pathways of HCC progression.

MicroRNA (miRNA) can reversely control gene expression by degrading mRNA and repressing translation although it cannot encode proteins ([@b5-ol-0-0-10144]). Research has identified that miRNA dysregulation influenced the initiation and development of various cancer types, including HCC. For instance, miR-448 was downregulated and promoted invasion by inhibiting Rho-associated coiled-coil containing protein kinase 2 (ROCK2) in HCC ([@b6-ol-0-0-10144]). Chen *et al* demonstrated that miR-490-5p inhibited HCC proliferation and metastasis by affecting ROBO1 ([@b7-ol-0-0-10144]). In addition, miR-96, miR-758-3p and miR-1260b were found to regulate HCC formation ([@b8-ol-0-0-10144]--[@b10-ol-0-0-10144]). Among them, microRNA-185 (miR-185) was connected with various human cancers such as breast cancer ([@b11-ol-0-0-10144]), non-small cell lung cancer ([@b12-ol-0-0-10144]), glioma ([@b13-ol-0-0-10144]) and colorectal cancer ([@b14-ol-0-0-10144]). However, the role of miR-185 in tumorigenesis of HCC remains to be elucidated.

ROCK2 belonging to the family of serine/threonine kinases has been identified to affect tumor development. ROCK2 was reported to play a carcinogenic role in lung and breast cancers ([@b15-ol-0-0-10144],[@b16-ol-0-0-10144]). Moreover, RhoE/ROCK2 affects chemoresistance through NF-κB/IL-6/STAT3 signaling in HCC ([@b17-ol-0-0-10144]). ROCK2 promoted HCC proliferation by suppressing CEBPD through phospho-GSK3β/β-catenin signaling ([@b18-ol-0-0-10144]). However, the function of miR-185-5p/ROCK2 in HCC remains to be determined.

In the current study, we paid attention to miR-185-5p and its association with ROCK2 in HCC. Importantly, these findings could supplement the regulatory pathway of miR-185-5p in HCC.

Materials and methods
=====================

### Clinical tissue samples

Fifty-four surgical tumor specimens and adjacent tissue samples were obtained from the Linyi Central Hospital (Linyi, China). None of the patients received treatment before surgery, and all the participants signed informed consent. Human tissue was frozen in liquid nitrogen and then stored at −80°C refrigerator for further use. All the tissue samples of the experiment were approved by the Linyi Central Hospital Institutional Ethics Committee.

### Cell culture and transfection

The human HCC cell lines Hep-3B and SNU-387, a normal liver cell line (LO-2) were used in this study. All the cell lines were obtained from the American Type Culture Collection (ATCC, Manassas, VA, USA), and were cultured in DMEM containing 10% fetal bovine serum (FBS). These cells were grown in an incubator at 37°C, with 5% CO~2~ atmosphere. The medium was replaced every other day according to the culture state.

The miR-185-5p mimic and inhibitor, ROCK2 siRNA were purchased from Guangzhou RiboBio Co., Ltd. (Guangzhou, China) and were transferred into SNU-387 cells with Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc., Carlsbad, CA, USA) according to the manufacturer\'s protocols.

### RNA extraction and reverse-transcription quantitative PCR (RT-qPCR)

TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.) was used to extract total RNA containing miRNA to quantify miR-185-5p expression in HCC tissues and cell lines. RT-qPCR was carried out using the QuantiTect SYBR-Green PCR mixture on an ABI7900 LightCycler (Roche Diagnostics, Basel, Switzerland). U6 and GAPDH served as the control of miR-185-5p and ROCK2. The miR-185-5p and ROCK2 levels were analyzed using the 2^−ΔΔCq^ method ([@b19-ol-0-0-10144]).

### Bioinformatics

We searched the miRNA databases: Target scan (<http://www.targetscan.org/>) for miR-185 that target ROCK2, their sequences and their chromosome localization.

### Luciferase assays

The WT-3′-UTR of ROCK2 or MUT-3′-UTR of ROCK2 was inserted into the pGL3 promoter vector (GenScript Co., Ltd., Nanjing, China) for luciferase reporter experiments. Then, the vector and miR-185-5p mimic were transfected into SNU-387 cells by Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.). The cells were cultured in a 24-well plate. About 48 h after transfection, the Dual-Luciferase^®^ Reporter Assay System (Promega Corp., Madison, WI, USA) was applied to perform luciferase assays.

### Transwell migration and invasion assay

A total of 5×10^4^ HCC cells without serum were put in the upper chamber on the non-coated membrane, and the lower chamber was filled with 20% FBS to induce HCC cells to migrate or invade through the membrane. The cells were put in the upper chamber with the coated membrane for invasion assay. Then the cells were incubated for 48 h to detect cell migration and invasion. Cells on the lower surface of the membrane were fixed with 4% paraformaldehyde, stained with 1% crystal violet for 5 min and subsequently counted in 3 randomly selected fields under an inverted microscope (Leica Microsystems GmbH, Wetzlar, Germany) at magnification ×200.

### Western blotting

The protein samples were obtained using RIPA buffer. Protein concentration was calculated using bicinchoninic acid (BCA). Equal amounts of protein (30 µg) were separated through 10% SDS-PAGE and then incubated with 5% skim milk blocked membranes at room temperature. Next we incubated the membranes overnight at 4°C with anti-ROCK2 (rabbit polyclonal; dilution, 1:1,000; cat. no. ab71598; Abcam, Shanghai, China), anti-GAPDH antibodies (rabbit monoclonal; dilution, 1:1,000; cat. no. ab181602; Abcam) and subsequently incubated with matched goat anti-rabbit G-horseradish peroxidase secondary antibody (dilution, 1:2,000; cat. no. sc-2054; Santa Cruz Biotechnology Inc., Dallas, TX, USA). Then, protein expression levels were measured by ECL.

### Statistical analysis

Statistical and diagram analyses used GraphPad Prism 6.0 and SPSS 17.0 software (SPSS, Inc., Chicago, IL, USA). Data are presented as the mean ± SD. The difference was analyzed by Chi-square test or one-way ANOVA using the Tukeys post hoc test. Differences were considered significant at P\<0.05.

Results
=======

### miR-185-5p levels are decreased in HCC

To explore the change of miR-185-5p in HCC, we conducted RT-qPCR in HCC tissues and cell lines (Hep-3B, SNU-387 and LO-2). Expression of miR-185-5p was obviously downregulated in HCC tissues ([Fig. 1A](#f1-ol-0-0-10144){ref-type="fig"}). miR-185-5p levels were lower in Hep-3B and SNU-387 than the normal LO-2 cell line ([Fig. 1B](#f1-ol-0-0-10144){ref-type="fig"}). Furthermore, the correlation between clinical characteristics and miR-185-5p level was calculated in 54 HCC tissues. We found that a low expression of miR-185-5p was associated with tumor grade and lymph node metastasis (P\<0.05). There was no association among miR-185-5p expression and other clinical characteristics ([Table I](#tI-ol-0-0-10144){ref-type="table"}, P\>0.05).

### miR-185-5p overexpression inhibits cell migration and invasion in HCC

To confirm the effect of miR-185-5p on the metastasis of HCC, miR-185-5p mimic or inhibitor was transfected into SNU-387 cells ([Fig. 2A and B](#f2-ol-0-0-10144){ref-type="fig"}). Functionally, miR-185-5p overexpression obviously suppressed migration and invasion of SNU-387 cells ([Fig. 2C](#f2-ol-0-0-10144){ref-type="fig"}). Downregulation of miR-185-5p significantly promoted cell metastasis of SNU-387 cells ([Fig. 2D](#f2-ol-0-0-10144){ref-type="fig"}). Thus, we speculated that the effect of miR-185-5p on cell metastasis in HCC was dependent on its altered expression.

### miR-185-5p directly targeted ROCK2

Furthermore, we searched the target genes of miR-185-5p from TargetScan database (<http://www.targetscan.org/vert_71/>) to investigate its downstream regulation mechanism in HCC and it predicted the binding site of ROCK2 for miR-185-5p ([Fig. 3A](#f3-ol-0-0-10144){ref-type="fig"}). Next, we confirmed the above prediction through luciferase reporter assay. The miR-185-5p mimic and WT-ROCK2 or MUT-ROCK2 plasmid were co-transfected into SNU-387 cells. Moreover, the luciferase activities were obviously decreased in group with miR-185-5p mimic and WT-ROCK2 while there was almost no change in group with miR-185-5p mimic and MUT-ROCK2 ([Fig. 3B](#f3-ol-0-0-10144){ref-type="fig"}). In addition, miR-185-5p effect on ROCK2 expression at protein level was detected in SNU-387 cells with miR-185-5p mimic or inhibitor. ROCK2 protein levels were enhanced by miR-185-5p inhibitor but decreased by miR-185-5p mimic ([Fig. 3C](#f3-ol-0-0-10144){ref-type="fig"}). Therefore, miR-185-5p directly targeted ROCK2 and was negatively associated with ROCK2 expression.

### ROCK2 silence inhibits migration and invasion in HCC

In addition, si-ROCK2 was synthesized and transfected into SNU-387 cells to investigate ROCK2 in HCC. The transfection efficiency was assessed by RT-qPCR ([Fig. 4A](#f4-ol-0-0-10144){ref-type="fig"}). ROCK2 mRNA expression in HCC cell lines was also detected. The upregulation of ROCK2 was identified in Hep-3B and SNU-387 in comparison with the normal LO-2 cell line ([Fig. 4B](#f4-ol-0-0-10144){ref-type="fig"}). Moreover, the Transwell assay was applied to analyze cell metastasis of HCC. ROCK2 silence was observed to inhibit cell migration and invasion in HCC ([Fig. 4C and D](#f4-ol-0-0-10144){ref-type="fig"}). Thus, we inferred that ROCK2 would play an oncogenic role in HCC development.

### miR-185-5p regulates cell metastasis of HCC through suppressing ROCK2

Based on the above results, miR-185-5p was considered to repress the effect of ROCK2. For confirmation miR-185-5p mimic was transfected into SNU-387 cells with negative control or ROCK2 expression vector. The miR-185-5p reduced the ROCK2 levels at the mRNA and protein expression ([Fig. 5A and B](#f5-ol-0-0-10144){ref-type="fig"}). Additionally, miR-185-5p impaired the effect of ROCK2 on promoting cell metastasis in SNU-387 cell lines ([Fig. 5C and D](#f5-ol-0-0-10144){ref-type="fig"}). A series of evidence verified that miR-185-5p suppressed cell migration and invasion in HCC through suppression of ROCK2. These results may have the potential to affect tumorigenesis of HCC.

Discussion
==========

The downregulation and inhibitory effect of miR-185-5p in HCC were identified by us and upregulation and promoted effect of ROCK2 were detected in HCC. Moreover, miR-185-5p was confirmed to directly target ROCK2 in HCC. These results might help us better understand the regulatory mechanism of HCC progression.

Previous studies demonstrated that miR-185 function varied from cancer to cancer. For instance, miR-185 as an oncogenic miRNA was found upregulated in gastric and bladder cancers according to miRNA profiling ([@b20-ol-0-0-10144],[@b21-ol-0-0-10144]). On the other hand, miR-185 expression was low and suppressed colorectal cancer cell proliferation and invasion ([@b22-ol-0-0-10144]). Similarly, Zhu *et al* reported that miR-185 level was decreased in HCC ([@b23-ol-0-0-10144]). Not surprisingly, we also detected downregulation of miR-185-5p in HCC which could be used as a biomarker for diagnosing HCC. Zhi *et al* also reported that miR-185 was a potential prognostic biomarker for HCC in early stage ([@b24-ol-0-0-10144]). Functionally, miR-185-5p has been confirmed to inhibit cell proliferation, tumor growth and EMT by regulating Six1, Six2 and DNMT1/PTEN/Akt Pathway in HCC ([@b11-ol-0-0-10144],[@b23-ol-0-0-10144],[@b25-ol-0-0-10144]). However, scarce research has been performed to explore the effect of miR-185 on cell metastasis in HCC. Thus, we detected the exact function of miR-185-5p for cell migration and invasion and proved that miR-185-5p had suppressive effect on cell metastasis in HCC.

To the best of our knowledge, the relationship between miR-185-5p and ROCK2 has not been investigated in human cancers. However, we proved that miR-185-5p directly targeted ROCK2 in the current investigation. ROCK2 was reported to be overexpressed in HCC and to promote cell invasion through depredating MMP2 ([@b26-ol-0-0-10144]). Consistently, ROCK2 in HCC was also upregulated in our study. Moreover, ROCK2 was identified to influence cell metastasis and aggressiveness which was regulated by miR-124 and miR-139 in HCC ([@b27-ol-0-0-10144],[@b28-ol-0-0-10144]). In this study, ROCK2 was negatively associated with miR-185-5p and promoted HCC cell migration and invasion. Thus, we considered that miR-185-5p would impede cell migration and invasion by directly repressing ROCK2. However, we still need to explore whether miR-185-5p/ROCK2 regulates HCC progression through specific signaling pathways.

Collectively, miR-185-5p function as anti-metastatic miRNA was identified to be downregulated in HCC, and miR-185-5p upregulation repressed migration and invasion of HCC cells. Moreover, miR-185-5p directly targeted ROCK2 and had negative correlation with its expression. ROCK2 promoted cell metastasis in HCC. Therefore, miR-185-5p inhibited cell metastasis of HCC by suppressing ROCK2.
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![miR-185-5p levels are decreased in HCC. (A) The miR-185-5p expression was downregulated in tumor tissues. (B) The miR-185-5p expression in HepG2, SNU-387 and LO-2 (control). \*P\<0.05, \*\*P\<0.01. HCC, hepatocellular carcinoma.](ol-17-06-5087-g00){#f1-ol-0-0-10144}

![miR-185-5p overexpression inhibits cell migration and invasion in HCC. (A and B) miR-185-5p mimic or inhibitor was transfected into SNU-387 cells, and miR-185-5p level was detected via RT-qPCR. (C) Overexpression of miR-185-5p significantly decreased migratory and invasive abilities in SNU-387 cells. (D) miR-185-5p expression inhibitor increased migratory and invasive abilities in SNU-387 cells. \*\*P\<0.01. HCC, hepatocellular carcinoma; RT-qPCR, reverse transcription-quantitative PCR.](ol-17-06-5087-g01){#f2-ol-0-0-10144}

![miR-185-5p directly targets ROCK2. (A) The binding sites of wild-type of ROCK2 3′-UTR combined with miR-185-5p. (B) Luciferase reporter assay. (C) The protein expression of ROCK2 was analyzed in cells transfected with miR-185-5p mimic or inhibitor. \*\*P\<0.01. ROCK2, Rho-associated coiled-coil containing protein kinase 2.](ol-17-06-5087-g02){#f3-ol-0-0-10144}

![ROCK2 silence inhibits migration and invasion in HCC. (A) The ROCK2 expression in cells containing si-ROCK2 was confirmed via RT-qPCR. (B) The ROCK2 expressions in Hep-3B, SNU-387 and LO-2 (control) were detected by RT-qPCR. (C and D) The Transwell assays in SNU-387 cells containing si-ROCK2. \*\*P\<0.01. HCC, hepatocellular carcinoma; ROCK2, Rho-associated coiled-coil containing protein kinase 2; RT-qPCR, reverse transcription-quantitative PCR.](ol-17-06-5087-g03){#f4-ol-0-0-10144}

![miR-185-5p regulates cell metastasis of HCC by suppressing ROCK2. (A) The relative mRNA expression of ROCK2 in the miR-185-stably-overexpressing SNU-387 cells treated for ROCK2. (B) The protein expression in cells contained miR-185-5p and ROCK2. (C and D) The Transwell assays for migration and invasion were performed in cells containing miR-185-5p mimic and ROCK2. \*\*P\<0.01. HCC, hepatocellular carcinoma; ROCK2, Rho-associated coiled-coil containing protein kinase 2.](ol-17-06-5087-g04){#f5-ol-0-0-10144}

###### 

Relationship between miR-185-5p expression and their clinicopathological characteristics in 54 patients with HCC.

                          miR-185-5p         
  ----------------------- ------------ ----- -----------------------------------------------------
  Age (years)                                0.424
    ≥60                   16           13    
    \<60                  13           12    
  Sex                                        0.221
    Male                  16           14    
    Female                13           11    
  AFP (ng/ml)                                0.077
    ≤20                   12           10    
    \>20                  17           15    
  Tumor size (cm)                            0.151
    ≥5                    17           11    
    \<5                   12           14    
  Liver cirrhosis                            0.150
    None                  11           12    
    Yes                   18           13    
  TNM stage                                  0.095
    I+II                  15           16    
    III+IV                14             9   
  Tumor stage                                0.002^[a](#tfn2-ol-0-0-10144){ref-type="table-fn"}^
    I+II                  20           14    
    III                     9          11    
  Lymph node metastasis                      0.016^[a](#tfn2-ol-0-0-10144){ref-type="table-fn"}^
    None                  10           10    
    Yes                   19           15    

Statistical analyses were performed by the χ^2^ test.

P\<0.05 was considered significant. HCC, hepatocellular carcinoma.
